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Abstract: Skin aging can largely be attributed to dermal fibroblast dysfunction and a decrease 

in their biosynthetic activity. Regardless of the underlying causes, aging fibroblasts begin to 

produce elements of the extracellular matrix in amounts that are insufficient to maintain the 

youthful appearance of skin. The goal of mesopreparations is primarily to slow down and 

correct changes in skin due to aging. The rationale for developing complex polycomponent 

mesopreparations is based on the principle that aging skin needs to be supplied with the various 

substrates that are key to the adequate functioning of the fibroblast. The quintessential example 

of a polycomponent formulation – NCTF® (New Cellular Treatment Factor) – includes vitamins, 

minerals, amino acids, nucleotides, coenzymes and antioxidants, as well as hyaluronic acid, 

designed to help fibroblasts function more efficiently by providing a more optimal environment 

for biochemical processes and energy generation, as well as resisting the effects of oxidative 

stress. In vitro experiments suggest that there is a significant increase in the synthetic and 

prophylactic activity of fibroblasts with treated NCTF, and a significant increase in the ability 

of cells to resist oxidative stress. The current article looks at the rationale behind the develop-

ment of polycomponent mesopreparations, using NCTF as an example.
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Introduction
Our knowledge of skin as a complex, immune, multifunctional organ is constantly 

evolving, including our insights into the skin aging process.1–3 Recent histological, 

biochemical and biomolecular evidence has broadened our understanding of skin 

cell function and aging and provided new information on cell-to-cell interactions 

and particular features of intermolecular transport and communication.4–7 This has 

provided an important stimulus to the development of new mesotherapy solutions as 

anti-aging treatments. Mesotherapy is a technique that involves micro-injections of 

therapeutic substances, such as hyaluronic acid, vitamins, minerals, and amino acids 

into the superficial papillary dermis of the skin.8 This allows active and essential 

ingredients to come directly into contact with the dermal fibroblast cells that are key 

to the more favorable appearance of younger skin, and (in theory) have a beneficial 

effect on metabolic processes.

The range of available mesotherapy solutions widens choice for the practitioner, 

but also presents them with a challenge. In addition to having a good fundamental 

knowledge of dermatology and cosmetology, the practitioner may also benefit from 

an understanding of the physiological effects of the individual components of a par-

ticular formulation. Such knowledge should help to demystify the rationale behind the 
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complex composition of polycomponent mesotherapies and 

aid judicious therapeutic choices.

Mechanisms of skin aging –  
the key role of fibroblasts
Skin aging can be due to intrinsic natural genetically 

determined factors, as well as extrinsic lifestyle-driven and 

environmental factors.9,10 It is characterized by a number of 

objective physical indicators, including skin dryness, laxity 

and poor elasticity, color and surface irregularity, formation 

of pronounced skin markings, and wrinkles of different 

intensity. The processes underlying these features include 

a whole range of physiological changes, including both 

structural and biochemical alterations, as well as changes in 

neurosensory perception, permeability, response to injury, 

and repair capacity.3

Fibroblasts represent the major skin type in the dermis, 

where they have a key role in producing and maintaining the 

extracellular connective tissue that is crucial to maintaining 

the youthful appearance of skin.10 Fibroblast dysfunction 

and a reduction in fibroblast biosynthetic activity are major 

factors involved in the skin aging processes. With aging, 

there is a decrease in the number of fibroblasts and a decrease 

in fibroblast production of hyaluronic acid, collagen, and 

other components of the extracellular matrix, as well as an 

increase in production of enzymes responsible for collagen 

fragmentation.3,11–14 Fibroblast “collapse” also occurs due 

to loss of mechanical interactions with the surrounding 

extracellular matrix.11,15,16 The exact mechanisms underly-

ing the development of dysfunction in aging fibroblasts 

remain unclear, but age-related increases in oxidative stress, 

due to alterations in the balance between production and 

elimination of reactive oxygen species, may be one important 

contributor.17,18

Disrupted paracrine interactions between fibroblasts in the 

dermis and other cell types in the skin (especially keratino-

cytes located more superficially in the epidermis) may also 

play a key role in the skin aging process.6,19–21 Paracrine cross-

talk between keratinocytes and dermal fibroblasts appears 

to be involved in the modulation of collagen production and 

degradation via effects on MMP enzymes.6 Such interactions 

may be particularly important in ultraviolet B (UVB)-induced 

skin aging, as UVB has only limited penetration into the 

dermis.19 Exposure to UVB stimulates epidermal keratino-

cytes to secrete a whole range of pro-inflammatory cytokines 

that can interact with dermal fibroblasts.21 For instance, UVB-

induced secretion of IL-1α and GM-CSF has been shown to 

stimulate dermal fibroblasts to express elastase, an enzyme 

involved in extracellular matrix degradation that has been 

linked to loss of skin elasticity and wrinkle formation.19–21

Targeting the fibroblast  
using mesotherapy
Importantly, recent evidence suggests that dysfunctional 

fibroblasts in aged human skin retain capacity for functional 

activation, thus showing that fibroblasts are a viable target for 

anti-aging treatments.16 Based on the current understanding of 

aging mechanisms in the skin, the development of mesotherapy 

solutions has focused on the identification of biomolecules 

that can improve (or help to maintain) fibroblast function and 

improve extracellular matrix component biosynthesis.22

Several basic principles have been key motivating factors 

behind the choice of components in mesotherapy formula-

tions and these remain unchanged despite all the recent 

findings on fibroblast metabolism. Firstly, it is proposed that 

fibroblasts must have a sufficient supply of substrates in order 

to perform their biosynthetic activity. Accordingly, some 

mesotherapy solutions contain “construction materials”, 

such as amino acids and nucleosides. An abundant sup-

ply of these materials may be important in aged skin, as 

substrate transport appears to be impaired in aging cells.23 

Secondly, most synthesis reactions are energy-consuming, 

so it is proposed that fibroblasts must have sufficient energy 

generation potential for synthetic activity. As put forward in 

the “defective powerhouse model” of skin aging, fibroblasts 

appear to have reduced energy generation as they age, so 

it may be important to maximize generation potential by 

supplying sufficient energy substrates.24 However, it should 

be acknowledged that both these proposals have not been 

thoroughly investigated.

In addition to these two principles, it is becoming increas-

ingly evident that the optimal function of fibroblasts is criti-

cally dependent on their reciprocal mechanical interactions 

with their surrounding microenvironment (in addition to bio-

chemical signals).11,15 Mechanical tension between fibroblasts 

and the surrounding extracellular matrix appears to be critical 

for fibroblast function and normal balanced production of 

collagen and collagen-degrading enzymes.11,15 In aged skin, 

the use of dermal fillers appears to have a volume effect that 

induces mechanical tension in the dermal extracellular matrix 

and stimulates fibroblasts to produce collagen.11

The need for polycomponent 
mesotherapy
Cognizant of the rationale for targeting dysfunctional fibro-

blasts, a skin anti-aging mesotherapy solution should contain 
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substances that create a favorable environment for optimal 

dermal fibroblast cell function. Based on this approach, a 

whole range of micronutrients and biomolecule substances 

have been considered for inclusion in various formulations 

and, at first glance, some may appear to be unduly complex.8,25 

For instance, NCTF135HA developed by Filorga Laborato-

ries contains a total of 53 components, including vitamins, 

amino acids, minerals, coenzymes, and nucleotides, plus 

high-molecular weight hyaluronic acid (Table 1).25 

It should also be noted that putting these multiple com

ponents together is not enough to guarantee their actual effi-

ciency, as they need to maintain their stability and integrity 

in the formulation. For instance, the NCTF135 HA solution 

is sterilized by double filtration, and not by autoclaving, in 

order to preserve the vitamins and hyaluronic acid, which 

are particularly fragile and sensitive to heat.25 In autoclaving, 

saturated steam under pressure at a temperature of 120°C 

causes protein denaturation by partial hydrolysis of the pep

tide chains and destruction of most vitamins. 

The rationale behind these complex formulations lies in a 

thorough understanding of the functions that each ingredient 

has in skin-related biochemical processes, as outlined in the 

following sections.

Vitamins and vitamin-like substances
A number of vitamins have important functions that are rel-

evant to the skin aging process.26,27 Vitamin C (ascorbic acid) 

is an important antioxidant that speeds up DNA synthesis 

and is essential for collagen synthesis. Vitamin A (retinol) 

is another important vitamin with antioxidant effects that 

regulates epidermis regeneration and melanocyte activity, 

and also controls oil gland activity. Along with vitamin C, 

it assists in the synthesis of collagen and other intercellu-

lar matrix components. Vitamin E (tocopherol) is another 

important component with a high level of antioxidant activity. 

It controls skin physiological regeneration and starts repair 

processes in the case of skin damage. Inositol is a vitamin-like 

substance used by cells as a signaling molecule and contrib-

utes to the regulation of some important indicators of cellular 

homeostasis, such as the concentration of intracellular Ca2+, 

and maintaining the capacity of the cell membrane.

The B vitamins are involved in the control of many cell 

functions, basically acting as coenzymes.26,27 Vitamin B1 

(thiamine) plays a key role in producing energy from car-

bohydrates and in obtaining ribose and deoxyribose from 

glucose, which are used for DNA and ribonucleic acid (RNA) 

synthesis. This vitamin also catalyzes the decarboxylation 

of alpha-keto acids (lactic and pyruvic), easing the cells’ 

fight with metabolic acidosis. Vitamin B2 (riboflavin) and 

its derivatives (flavin adenine dinucleotide and flavin mono-

nucleotide) are involved in the delivery of energy from 

carbohydrates and fat, as well as supporting redox cell metabo-

lism and the activation of vitamins B6 and B9. Vitamin B3 

(nicotinamide) is incorporated into two coenzymes (NAD and 

NADP), that play a crucial role in many reactions involving 

energy production from carbohydrates, fats and proteins, and 

in the biosynthesis of various molecules, such as fatty acids. 

Vitamin B5 (pantothenic acid) is a key part of the CoA mol-

ecule and is also essential in the generation of energy from 

carbohydrates, fats and proteins, and the synthesis of various 

biomolecules. Vitamin B6 (pyridoxine) is converted to a coen-

zyme (PLP) that is key in the cellular metabolism of amino 

acids, including their transfer through the cell membrane and 

intracellular transformation. Vitamin B7 (biotin; also known 

as B8) is used in four carboxylase enzymes that take part in 

regulating the metabolism of protein, fat and carbohydrates, 

and also has high anti-seborrheic activity. Vitamin B9 (folic 

acid) is necessary for cell division, due to its ability to trans-

fer one-carbon fragments involved in the synthesis of DNA 

and RNA, and also contributes to the mutual transformation 

of amino acids. Vitamin B12 (cyanocobalamin) contributes 

to the metabolism of carbohydrates, proteins and fats, and 

Table 1 Constituents of the polycomponent mesotherapy NCTF®

Class Component

Vitamins and vitamin-like 
substances

Vitamin A (retinol), Vitamin C (ascorbic 
acid), Vitamin E (tocopherol), Inositol
B vitamins: Vitamin B1 (thiamine),  
B2 (riboflavin), B3 (nicotinamide),  
B5 (pantothenic acid), B6 (pyridoxine), 
B8 (biotin), B9 (folic acid),  
B10 (P-aminobenzoic acid),  
B12 (cyanocobalamin)

Minerals Calcium chloride, Potassium chloride, 
Magnesium sulfate, Sodium acetate, 
Sodium chloride, Sodium dihydrogen 
phosphate

Amino acids Alanine, Arginine, Asparagine, Aspartic 
Acid, Cystine, Glutamine, Glutamic 
Acid, Glycin, Histidine, Hydroxyproline, 
Isoleucine, Leucine, Lysine, 
Methionine, Ornithine, Phenylalanine, 
Proline, Serine, Taurine, Threonine, 
Tryptophan, Tyrosine, Valine

Nucleosides Deoxyadenosine, Deoxycytidine, 
Deoxyguanosine, Deoxythymidine, 
Methylcytosine

Co-enzymes TPP (co-carboxylase), CoA, FAD, 
NAD, NADP, UTP

Other antioxidants Glutathione
Hyaluronic acid Non-reticulated sodium hyaluronate

Note: Data from NCTF135,135HA product information.25

Abbreviation: NCTF, New Cellular Treatment Factor.
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participates in the formation of coenzyme forms of folic acid 

(ie, activation of vitamin B9).

Amino acids and related compounds
These represent the relevant substrates required to build 

dermal extracellular matrix proteins, mainly collagens.26

Minerals
Calcium is the main ion used to regulate cell homeostasis. 

Phosphorus is essential for cell wall generation and other 

biological membranes. Magnesium is required to maintain 

numerous normal enzymatic reactions (more than 180).26

Nucleosides
Five nucleosides are necessary to replicate DNA for fibro-

blast fission and RNA generation in the process of protein 

synthesis.

Coenzymes
Coenzymes are biochemical reaction catalyzers (see previous 

section on vitamins).26,27 A cell is able to synthesize the major-

ity of these coenzymes independently using vitamins. However, 

since a cell will have to spend a considerable amount of its 

own substrates and energy at the initial stages of synthesis, it 

is useful to include ready-made primary coenzymes in a for-

mula to make fibroblast metabolism easier. Another important 

coenzyme is UTP, which assists in RNA generation.

Other antioxidants
In addition to the vitamin antioxidants (see earlier section 

on vitamins), tripeptide glutathione ranks among the most 

efficient endogenous antioxidants. Antioxidative properties 

are incidental both to the reduced form of glutathione and 

to the three enzymes that contain glutathione as cofactors: 

GPX, GR, and GST. Glutathione and glutathione-containing 

enzymes neutralize free radicals and peroxide compounds 

formed as a result of an uncontrolled oxidation process. There 

is an opinion that premature cell aging and apoptosis are very 

closely related with a reduction in glutathione intracellular 

concentration.28–31

Hyaluronic acid
Hyaluronic acid can accumulate and retain 1,000 times its 

weight in water, which may help the skin remain hydrated.32 

It also has anti-inflammatory, antibacterial, antifungal,  

and antioxidant properties.33,34 In aged skin, hyaluronic acid 

production by fibroblasts is attenuated. Hyaluronic acid alone, 

or combined with vitamin cocktails (eg, NCTF-135HA), 

has been shown to maintain human skin fibroblast cell 

proliferation.35 Furthermore, intradermal injection of 

hyaluronic acid has been shown to stimulate production of 

new undamaged collagen.11,16 In part, this may relate to a 

mechanical effect on the fibroblast.11,16 Data based on skin-

targeted ultrasound also suggests that multiple hyaluronic 

acid micro-injections can be effective in women with signs 

of moderate photo-aging in the hands.36,37

Safety of mesotherapy
Cosmetic facial soft-tissue injection procedures, in general, 

have a very good safety profile.38–41 Short-term effects, such 

as mild pain, redness, swelling, and bruising are relatively 

common and an expected consequence of the injections 

themselves, but true complications are rare, especially with 

formulations based on “non-permanent” filler materials, 

such as hyaluronic acid.38–41 In a recent 5-year retrospective 

review of 2,089 injectable soft-tissue facial filler treatments 

performed at a single center in the United States (includ-

ing 1,047 with hyaluronic acid-based formulations), true 

complications were reported in less than 1% of procedures 

(four cases of cellulitis, seven cases of nodule or granuloma 

formation, one case of skin necrosis, and two events defined 

as “other”).40 Complications were particularly uncommon 

among the patients receiving hyaluronic acid-based treat-

ment, with only two events (0.2% of procedures) reported 

(one nodule/granuloma formation, one “other”).40 Compli-

cations were more frequent, but still uncommon, with for-

mulations based on the semi-permanent fillers poly-L-lactic 

acid or calcium hydroxyapatite (six events each; 0.7% and 

2.6% of procedures, respectively). An additional advantage 

of non-permanent filler materials is that any complications 

are likely to be less persistent and easier to treat.41 Severe 

complications are extremely rare with these procedures.38–41 

In a review of over 4,500,000 procedures (using formulations 

based on non-permanent, semi-permanent or permanent filler 

materials) over a 2-year period from 2010 to 2011 in the 

United States, only five severe complications were reported 

(0.0001% of procedures).41

Very few adverse hypersensitivity reactions have been 

reported after injection of hyaluronic acid-based filler 

formulations.39 As this compound has no organ or species 

specificity, there is a low theoretical risk of allergic reaction.39 

Reported outbreaks of cutaneous mycobacterial infections 

associated with various cosmetic procedures, including 

mesotherapy, appear to be related to inappropriate cleansing 

of equipment with contaminated tap water or other sources, 

rather than contamination of the injection solution itself.42
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Evidence supporting the use of 
polycomponent mesotherapy
In spite of the rationale behind the use of mesotherapies as 

skin anti-aging treatments, rigorous scientific evidence regard-

ing therapeutic efficacy from clinical trials remains relatively 

scarce in the public domain, although these treatments have 

been used extensively in practice for many years.36,37,43–48 Two 

small clinical studies (n=5–10) of mesotherapy using multi-

vitamin and hyaluronic acid solutions found no significant 

clinical or histologic changes over 3 to 6 months.43,47 However, 

in a recent clinical study involving 55 women with signs of 

skin aging, a non-cross-linked hyaluronic acid-based meso-

therapy formulation with mannitol significantly improved 

skin elastic parameters and complexion radiance versus 

control therapy over 3 months.48 Similarly, a recent study in  

50 women who utilized two different mesotherapy formula-

tions (one with hyaluronic acid, vitamins, amino acids, miner-

als, coenzymes, and antioxidant substances; and a second with 

hyaluronic acid and the antioxidant idebenone) reported that 

both formulations provided significant improvements in the 

clinical appearance of the skin.49 Another recent study used a 

combination of both a cross-linked hyaluronic acid filler and 

a complex non-cross-linked hyaluronic acid-based formula-

tion (with vitamins, antioxidants, amino acids, and minerals) 

for facial rejuvenation targeting moderate-to-severe wrinkles 

affecting the nasolabial folds.50 After 24 weeks, a protocol 

using both formulations provided significant improvements 

in skin hydration, transepithelial water loss, and wrinkle 

esthetic appearance compared with the hyaluronic acid filler 

alone. A recent long-term, placebo-controlled study, in which 

mesotherapy with a hyaluronic acid-based formulation was 

administered to the dorsum of the hand, used high frequency 

ultrasound to evaluate sub-epidermal low-echogenic band 

echogenicity as a measure of age-related dermal changes.37 

After treatment for 4 weeks (every week) there was a signifi-

cant increase in sub-epidermal low-echogenic band versus 

placebo, indicative of a reduction in photoaging, and this 

effect was maintained with subsequent monthly treatment 

for an additional 4 or 10 months.

For other complex polycomponent mesotherapies, no 

clinical trial data have been published, although topline 

data for NCTF based on 40 subjects suggest improvements 

in skin glow, hydration, wrinkles and lines, and cutaneous 

tonicity with five sessions of therapy with 15 day intervals, 

along with high levels of patient satisfaction.25 This is sup-

ported by preclinical in vitro and in vivo data evaluating the 

effects of NCTF on cell proliferation and the synthesis of 

extracellular matrix, and its effects on antiradical activity 

(Filorga Laboratories, data on file, 2011).25,51 In short, NCTF 

stimulated cell multiplication by 147% versus the untreated 

control (P,0.01) for normal fibroblasts and 148% versus 

the untreated control (P,0.01) for older fibroblasts. The 

NCTF solution also stimulated intracellular and extracel-

lular collagen synthesis for the normal fibroblasts by 165% 

and 200%, respectively, versus untreated control (both 

P,0.01). For older fibroblasts, the increases were 166% and 

256%, respectively, versus untreated control (both P,0.01). 

Furthermore, NCTF protected human lymphoid (Jurkat) cells 

from oxidative stress induced by exposure to ultraviolet A 

(UVA) and UVB radiation, as indicated by a 72% reduction 

in the level of intracellular hydrogen peroxide (P,0.01), and 

a 90% reduction in intracellular lipid peroxides (P,0.01).

Conclusion
Polycomponent mesotherapy solutions, such as NCTF, have 

been widely and successfully employed for many years as 

treatments for skin aging. Although the composition of these 

formulations may appear daunting at first, a consideration of 

the physiological effects of the individual components can 

help to demystify these complex therapies. Ultimately, the 

simple goal of these complex therapies is to create a favorable 

microenvironment for more optimal fibroblast biosynthetic 

activity. Preclinical and some clinical trial evidence is avail-

able to support the effectiveness of these mesotherapies, as 

well as long-term international experience in the clinical 

use of NCTF to deal with a wide range of esthetical and 

dermatological problems. However, there is a clear need 

for large-scale, well-controlled clinical efficacy and safety 

studies in this field.
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